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ABSTRACT

Suspension system is the connector between the tire and the body of a
vehicle. In addition, the suspension also affects the performance and stability of a
vehicle, especially on racing cars. Therefore, to provide recommendations to the
racing car, this suspension system has been studied in detail in this report. Two types
of suspension systems studied were passive and semi-active systems. The passive
system is the system that has been used in almost vehicle nowdays To analyse these
two types of suspension systems, parameter from Subaru Impreza Group N Rally
Car racing car has been taken. Both suspension systems will be studied through
simulation in MATLAB Simulink and was analyzed and validate with CarSimEd
software. Through these models, the equation of motion has been drafted by a quarter
car, half car and fullcar model. Through this equation of motion, the blocks will be

made in the MATLAB Simulink and the suspension system will be analysed.
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ABSTRAK

Sistem suspensi adalah penyambung diantara tayar dan badan sesebuah
kenderaan. Selain daripada itu, sistem suspensi juga memberi kesan kepada
kecekapan dan kestabilan sesebuah kenderaan terutamanya kepada kereta lumba.
Oleh kerana itu, bagi memberi saranan kepada sesuatu kereta lumba, sistem suspensi
ini telah dikaji secara terperinci di dalam laporan ini. Dua jenis suspensi yang dikaji
adalah sistem pasif dan juga sistem separuh aktif. Sistem pasif adalah sistem suspensi
yang telah digunakan di dalam kebanyakan kereta sekarang. Untuk menganalisis dua
jenis sistem suspensi ini, pembolehubah daripada kereta lumba Subaru Impreza
Group N Rally Car telah diambil. Kedua-dua sistem suspensi ini akan dikaji melalui
simulasi di dalam perisian MATLAB Simulink dan dianalisis dan disahkan melalui
perisian CarSimEd. Melalui model kenderaan ini, persamaan pergerakan telah
dirangka melalui suku kereta, separuh kereta dan juga sepenuh kereta. Melalui
persamaan pergerakan inilah, blok-blok akan dibuat di dalam MATLAB Simulink

dan melalui MATLAB Simulink sistem suspensi akan dianalisis.
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CHAPTER 1

INTRODUCTION

This chapter will introduce the reason and aims of this project. The reason
and aims will be represent in this chapter by objectives, scope and problem

statement.

1.1 BACKGROUND

One of the most important systems in the vehicle is chassis system. Chassis
are all vehicle structures except body and engine. The chassis components are chassis
beam, steering system, braking system, suspension system, tire and wheel and

driveline.
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This report is focus in the suspension system. Based on Duffy, James E
(2009), the suspension system allows a vehicle’s tires and wheels to move up and
down over bumps and holes in the road. It makes the vehicle ride more smoothly
over rough roads. The suspension system consists of a series of arms, rods, ball joint,
bushings and other part. The suspension system works in unison with the tires,
unibody or frame, wheels, wheels bearings, brake system, and steering system to
provide a safe and comfortable means of transportation.

The comfortable is one of important elements in designing a car suspension
system. A function of the suspension is to minimize the car body vibration caused by
road surface, to support the vehicle body and keeping the vehicle occupant in
comfortable and for vehicle handling. The suspension system for ground vehicle is

located between the vehicle body and the vehicle wheels.

All the systems in vehicle have the own functions including the suspension
system. One from the function is to supports the weight of the frame, body, engine,
transmission, drive train and passengers. For the passengers, the suspension system
will provides a smooth, comfortable ride by allowing the wheels and tires to move up
and down with minimum movement of the vehicle. Sometimes, the vehicle will
become the body roll when the rapid cornering. Body roll is a vehicle leans to one

side. The suspension system will allows rapid cornering without extreme body roll.

The suspension systems is keeps the tires in firm contact with the road, even
after striking bumps or holes in the roads. When accelerating or heavily load,
suspension system will prevent excessive body squat. Body squat is body tilts down
in rear. Its also can prevents excessive body dive when braking. Body dive is body

tilts down in front.

The suspensions system also works with the steering systems to help keep the
wheels in correct Alignment and allows the front wheels to turn from side to side.
Suspension system can be group to the two broad categories. Both can be found on

car and truck. The group is independent and non independent. Independent
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suspension allows one wheel to move up and down with minimal effect on the other
wheels. Non-independent suspension has both the right and left wheels attached to
the same solid axle.

In the suspension system, there is having several major parts that has a many
functions. The major parts is control arm, steering knuckle, ball joint, spring, short
absorber or damper and control arm bushing. The function of control arm is movable
lever that fastens the steering knuckle to the vehicle’s body or frame. Steering
knuckle is to provide a spindle or bearing support for the wheel hub, bearing and the

wheel assembly.

Another part in suspension system is ball joint. Ball joint is movable
connection that allows the control arm to move up and down while allowing the
steering knuckle to swivel from side to side. The spring function is to support weight
of the vehicle. It is a permit the control arm and wheel to move up and down. The
part that connects with spring in suspension system is short absorber or damper. The
function is to keeps the suspension from continuing the bounce after spring
compression and extension. Last part is control arm bushing. Its function is to sleeve

that allows the control arm to swing up and down on the frame.

Semi-active or active suspension is process when the suspension is externally
controlled. It is the suspension is reacting to what are in effect when the signals will
give. Semi-active suspensions include devices such as air springs and switchable
shock absorbers, various self-levelling solutions, as well as systems like
Hydropneumatic, Hydrolastic, and Hydragas suspensions. Semi-active also is a
possible alternative way to fully active system to considerably improve suspension
performances. The damping force of each suspension is obtained by modulating its

damping factor according to opportune functions of the system state variables.
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Fully active suspension systems use electronic monitoring of vehicle
conditions, coupled with the means to impact vehicle suspension and behavior in real

time to directly control the motion of the car.

1.2 OBJECTIVE

The objectives of this report are:

i.  To create a mathematical model of racing car suspension system.
ii.  To develop a suitable controller to improve vehicle ride handling.
lii.  To compare the performance of semi-active suspension system with the

passive system using the Matlab Simulink.

1.3  SCOPE

The scopes of this report are:

i.  The simulation of race car suspension is performed in Matlab Simulink

software.
ii.  Developing a 7 DOF mathematical modeling ride based on vehicle model.

iii.  The parameters of race car suspension are taken from the available rally car

suspension system (Subaru Impreza Group N Rally Car).
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1.4 PROBLEM STATEMENT

The behaviour of vehicle motion to the hard braking, cornering and others
road condition will affect the vehicle handling and stability of the vehicle. The safety
Is an also main issue for this behaviour of vehicle motion. Actually, the racing car is
an experimental to the vehicle component such as example the engine, body chassis,

tyre and so on.

In the passive suspension system, the most issues are lack of attitude of the
vehicle body especially in stability and performance (E. Guglielmino, T. Sireteanu,
C. W. Stammers, G. Ghita, M. Giuclea, 2008). This behaviour will be taken to
analysis to compare with the semi active suspension system. A mathematical
modelling based on vehicle model is build to represent the actual vehicle behaviour

based on stability and performance.
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